Background/Objectives: To evaluate the association between body mass index (BMI) and incident hypertension in a cohort of rural women in the Chinese population. Subjects/Methods: A population-based sample of 11 468 rural Chinese women aged X35 years and free from hypertension at baseline were followed-up from 2004-2006 to 2008. We calculated BMI from measured weight and height. Incident hypertension was defined as systolic blood pressure (BP) X140 mm Hg, diastolic BPX90 mm Hg or current use of antihypertensive medications. Results: During a median follow-up of 28 months, 2666 participants developed hypertension. Higher baseline BMI, even within the 'normal' range, was consistently associated with an increased risk of hypertension. Compared with participants in the lowest BMI quintile (18.5-21.1 kg/m 2 ), the multivariable-adjusted relative risks (95% confidence interval) of developing hypertension for women with a BMI of 21.2 to 22.4, 22.5 to 23.7, 23.8 to 25.4 and X25.4 kg/m 2 were 1.200 (1.058-1.361), 1.250 (1.100-1.419), 1.466 (1.291-1.666) and 1.785 (1.584-2.012), respectively (P for trend, o0.001). Further adjustment for baseline BP did not substantially alter these results. We found similar associations using other BMI categories and after excluding women with smoking history at baseline. The pattern of association also existed among old women (age X55 years).
Introduction
Increased prevalence, attributable death and economic burdens of overweight and hypertension are emerging problems in China and other Asian countries (WHO, 2003; Popkin, 2006; Popkin et al., 2006; Liu, 2007) . Data from 2002 China National Nutrition and Health Survey show that 21.8% of Chinese are overweight (body mass index (BMI) X25 kg/m 2 ) and 18.8% of Chinese are hypertensive, such that there are currently (2002) 195 million overweight people and 160 million hypertensive people in China out of a total of 1.3 billion population (Wu, 2006; Wu et al, 2008) . Hypertension and overweight are both growing epidemics with the rapid socioeconomic development in China.
Previous studies have shown that being overweight or obese is associated with a higher risk of hypertension (Dyer and Elliott, 1989; Jousilahti et al., 1995; Huang et al., 1998; Hu et al., 2000 Hu et al., , 2004 . In addition, several studies indicate that there is a strong gradient association between higher BMI and increased risk of hypertension, even among people within 'normal' range in recent years (Gelber et al., 2007; Shuger et al., 2008) . Physicians' Health Study (PHS) shows that higher BMI is strongly associated with a greater risk of hypertension and each unit of BMI (per kg/m 2 ) is associated with an 8% higher risk of incident hypertension (Gelber et al., 2007) . Shuger et al. (2008) report that women in the highest quintile of BMI are more than two times as likely to develop hypertension during follow-up as women in the lowest quintile in a large cohort study of American women.
However, these studies were conducted in Western populations examining this association, very few have been conducted in Asian populations and none have been conducted among rural women in Chinese adults. In addition, BMI and the risk of developing hypertension vary with ethnicity (Stevens et al., 2008) . We therefore aimed to clarify the association between BMI and incident hypertension in a cohort of rural women in the Chinese population.
Materials and methods

Study population
Liaoning Province is located in northeast China. From 2004 to 2006, a representative sample aged X35 years was selected to describe the prevalence, incidence and natural history of cardiovascular risk factors in the rural areas of Fuxin County of Liaoning Province (Sun et al., 2007) . The study adopted a multi-stage, stratified, random, cluster-sampling scheme that included samples from the northern, southern, western, eastern and central regions. According to the population, three towns were selected from the southern region, two from the eastern region and one town from each of the other three regions. Rural villages in the proximity of these towns were selected from different geographic areas. In total, 8 towns and 84 rural villages were selected from these various regions of the county. In 2008, investigators were invited to participate in the follow-up study. Of the 45 925 subjects at baseline, there were 23 178 women. Of these, subjects with cardiovascular disease (n ¼ 327), with a BMI o18.5 kg/m 2 (n ¼ 414), missing contact information (n ¼ 496), missing demographic and anthropometric data (n ¼ 543) and having hypertension (n ¼ 8947) were not included in the follow-up study. Overall, 12 451 eligible non-hypertensive adult women composed the cohort. From this population, a total of 11 468 women were successfully followed for the present analysis. The response rate was 92.1%. The procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation of China Medical University, and written informed consents were obtained from all subjects or their proxies.
Baseline examination
At baseline examination, all surveys were conducted by welltrained local doctors from 2004 to 2006. Before the survey was performed, we invited all eligible doctors to attend the organized training and certification in Fuxin County. The research staff trained the local doctors by way of lecture, role playing and simulation training. The training contents included the purpose of this study, how to administer the questionnaire, the standard method of measurement, the importance of standardization and the study procedures. A strict test was evaluated after this training, and only those who scored perfectly on the test could become investigators. Finally, a total of 84 local doctors from 84 rural villages (one doctor per one village) who received strict training and passed the assessment became the investigators. During data collection, the research staff would be ongoing monitoring after considerable initial training.
Data on demographic variables (age and race), smoking status, use of alcohol, family history of hypertension, physical activity and information on antihypertensive medications were obtained by interview with a standardized questionnaire. Drinking status was assessed by alcohol consumption, which was defined as the weekly consumption of beer, wine and hard liquor converted into grams of alcohol. Current drinking was defined as alcohol consumption (X8 g/week) (National Institute on Alcohol Abuse and Alcoholism, 2000). Current smoking was defined as people who smoked at least one cigarette every day and continued for at least 1 year. Family history of hypertension was defined as the history of hypertension of one of their parents. Diabetes and hypercholesterolemia were defined as any selfreported history of diabetes and hypercholesterolemia. Physical activity included occupational and leisure-time physical activity. Occupational and leisure-time physical activity were merged and regrouped into three categories: (1) low-subjects who reported light levels of both occupational and leisure-time physical activity; (2) moderate-subjects who reported moderate or high levels of either occupational or leisure-time physical activity; and (3) high-subjects who reported a moderate or high level of both occupational and leisure-time physical activity.
In rural areas of China, 84% of consumed salt is added during cooking or as a preservative of foods prepared in the fall season for consumption through the spring season (salted foods). The researchers questioned the participants' addition of salt to daily meals as well as the amount of salt used in salted foods and then calculated the total salt consumed by the family per year divided by the number of family members to get an estimate of the individual salt intake per year (Tian et al., 1996) .
Body weight and height were measured with subjects wearing light clothing and without shoes. BMI (in kg/m 2 ) was calculated by the weight in kg divided by square of the height in meters (m 2 ). Participants were divided into five groups by baseline BMI quintiles: BMI 18.5-21.1, 21.2-22. 4, 22.5-23.7, 23.8-25.4 and X25.4 kg/m 2 , respectively. A trained and certified observer used an American Heart Association protocol to perform three blood pressure (BP) measurements with the participant in the sitting position after 5 min of rest. Participants were advised to avoid alcohol consumption, cigarette smoking, coffee/tea and exercise for at least 30 min before these measurements. The research staff used a standardized electronic sphygmomanometer (HEM-741C; Omron, Tokyo, Japan) and one of three cuff sizes (regular adult, large or thigh) chosen on the basis of arm circumference. The mean value of three BP measurements was used for each subject.
Ascertainment of incident hypertension
The follow-up examination was conducted from January to June 2008 among participants who were free of hypertension at baseline. Three BP measurements were taken according to a standard protocol identical to that of the baseline examination, and use of antihypertensive medications was assessed by a standard questionnaire. Incident hypertension was defined as an average systolic BP X140 mm Hg, and/or diastolic BP X90 mm Hg and/or use of antihypertensive medication in the previous 2 weeks at the follow-up examination.
Statistical analysis
Continuous variables were presented as the means and s.d., and categorical variables were expressed as percentages. We compared baseline participant characteristics according to BMI categories by w 2 tests for categorical variables and oneway analysis of variance for continuous variables. BP increments (the difference between baseline and follow-up) according to initial BMI categories was evaluated by analysis of covariance, which adjusted by age and baseline BP. We used Cox proportional hazards models to compute the relative risks (RRs) and 95% condence intervals (CIs) of incident hypertension for quintiles of BMI, with the lowest level as the reference. We considered two multivariableadjusted models. The first included the potential confounders: age at baseline, Mongolian, cigarette smoking (yes/no), alcohol consumption (yes/no), salt intake everyday, physical activity (low, moderate and high) and self-reported history of diabetes and hypercholesterolemia (yes/no). The second multivariable models were additionally adjusted baseline systolic and diastolic BP. In addition, we considered BMI as a continuous variable in models evaluating the RR of hypertension for 1 kg/m 2 increase in BMI. We also examined deciles of BMI to illustrate better the association between body weight and the risk of developing hypertension. An important subanalysis was performed to clarify the association between BMI and the risk of developing hypertension. We limited analyses to women who reported not having currently smoked cigarettes at baseline (n ¼ 9908) because of potential unmeasured confounding among individuals reporting a history of current smoking at baseline. Additional stratum-specific analyses were performed according to baseline age (o55 and X55 years). In addition, standardized b coefficients from linear regression model analyses (stepwise) were performed to evaluate the precise contribution of weight gain to increase in BP during followup, relative to other modified risk factors. All analyses were performed using SPSS, version 12.0 (SPSS Inc., Chicago, IL, USA). A P-value of o0.05 was accepted as indicating statistical significance.
Results
There were 11 468 women in this study and the average age was 47.6 years. The mean BMI of the participants was 23.4±2.8 kg/m 2 . During a median 28 months of follow-up and 26 758 woman-years of observation, there were 2666 incident hypertension cases. Table 1 shows the baseline characteristics of the initial participants according to BMI quintiles. As expected, women with higher BMI were with higher systolic and diastolic BP at baseline. They were more likely to be Mongolian and to have hypercholesterolemia, and were less likely to be a current smoker or alcohol drinker.
We observed a positive gradient (P for trend o0.001) of hypertension incidence rates across incremental BMI groups in age-and multivariable-adjusted analyses ( Table 2 ). The age-adjusted risk of hypertension generally increased across BMI quintiles relative to referent group (BMI 18.5-21.1 kg/m 2 ), even within the range of 'normal' BMI. Higher BMI remained the association with the risk of developing hypertension after adjustment for the potential confounders. The multivariable-adjusted RR of incident hypertension for women in the highest BMI quintile (X25.4 kg/m 2 ) was 1.785 (95% CI 1.584-2.012; P for trend, o0.001) when compared with those in the lowest BMI quintile (18.5-21.1 kg/m 2 ). Further adjusting for baseline systolic and diastolic BP only slightly attenuated the association between BMI and the risk of developing hypertension (model 2, Table 2 ). Similar associations were observed when we restricted analysis to those who were not currently smokers at baseline (Table 2 ). When considering BP as a continuous variable, there was also a gradient increase in BP during follow-up by initial BMI (Table 2) .
Examining baseline BMI as a continuous variable, each one-unit increase in BMI was associated with a 5.0% (95% CI 3.8-6.1%) increased risk of developing hypertension in multivariable-adjusted model (model 2). In addition, we examined the multivariable-adjusted RRs for incident hypertension, according to deciles of baseline BMI. Across incremental deciles of baseline BMI, the multivariable-adjusted hazard ratios of hypertension were 1.000 (referent), 0.996 (95% CI 0.829-1.196), 1.084 (95% CI 0.901-1.303), 1.315 (95% CI 1.101-1.570), 1.210 (95% CI 1.007-1.454), 1.284 (95% CI 1.072-1.538), 1.415 (95% CI 1.182-1.693), 1.523 (95% CI 1.265-1.834), 1.898 (95% CI 1.604-2.245) and 1.654 (95% CI 1.388-1.971) (P for trend, o0.001).
We also performed analyses on BMI and hypertension stratied by baseline age groups (o55 and X55 years; Figure 1 ). Again, for each baseline age category, the risk of developing hypertension signicantly increased across BMI quintiles in both age-and multivariable-adjusted models 2 ) quintile and age at baseline (o55 and X55 years). Multivariables adjusted for baseline age, Mongolian, physical activity, family history of hypertension, cigarette smoking, alcohol dinking, salt intake and self-reported history of diabetes and hypercholesterolemia. P for trend o0.001 for both age categories.
(P for trend, o0.001 each). The multivariable-adjusted RR (95% CI) comparing the highest and lowest BMI quintiles was 1.893 (95% CI 1.625-2.206) among women who were o55 years of age versus 1.520 (95% CI 1.246-1.855) among older women (X55 years). Although the magnitude of the association between BMI and risk of hypertension was stronger for women who were o55 years, we did not detect effect modification by baseline age (P interaction ¼ 0.77).
Results from multivariate linear regression models (stepwise) indicate that BMI and other modified lifestyle factors such as salt intake, alcohol drinking, non-moderate physical activity and self-reported hypercholesterolemia were significantly associated with increased BP during follow-up. Of these, BMI was the first for increased systolic BP and the second for increased diastolic BP, relative to salt intake, alcohol drinking and other modified risk factors (Table 3) .
Discussion
The large-scale prospective study highlighted that progressively higher BMI was positively and significantly associated with a greater risk of incident hypertension among rural women in the Chinese population. The association existed across the full spectrum of BMI, even within the 'normal' BMI range, and persisted after adjustments for multiple confounders and baseline BP. Women in the highest quintile of BMI (425.4 kg/m 2 ) had an approximately twofold higher risk of developing hypertension when compared with women in the lowest quintile of BMI (18.5-21.1 kg/m 2 ). Similar patterns of association were observed when we restricted our analyses to those who were not current smokers. In addition, the positive associations were present in both younger (o55 years) and older women (X55 years).
Previous studies have shown benefits of weight reduction in both primary prevention and treatment of hypertension (Trials of Hypertension Prevention Collaborative Research Group, 1997; He et al., 2000; Stevens et al., 2001) . Data collected from previous longitudinal studies confirm the adverse effects of a higher BMI on greater risk of developing hypertension (Dyer and Elliott, 1989; Jousilahti et al., 1995; Huang et al., 1998; Hu et al., 2004) . In a large cohort of American women, Shuger et al. (2008) indicated that compared with women in the lowest fifth of BMI (18.5-20.0 kg/m 2 ), the hazard ratios of developing hypertension for women with a BMI of 20.1-21.2, 21.3-22.5 and 22.6-24.7 were 1.19, 1.33 and 1.36, respectively (P trend o0.001). In a study of 9139 Finnish women who were 25-64 years old, 813 women who developed hypertension had a higher BMI and were more often obese or overweight compared with those who remained normotensive (Hu et al., 2004) . Another prospective cohort study by Huang et al. (1998) reported that higher BMI was strongly associated with greater risk of hypertension and each unit of BMI (per kg/m 2 ) was associated with a 12% higher risk of incident hypertension. Our findings were consistent with these previous results. But the present study had some characteristics that differentiate it from these previous studies: all the women were free of hypertension and cardiovascular disease at baseline; in addition, our results were additionally adjusted for dietary salt intake, which is an important confounder for developing hypertension.
Some previous studies show that the association between BMI and hypertension is not observed among older women (Foucan et al., 2002; Shuger et al., 2008) . It is likely because of the small number of events in some BMI groups among older women (Shuger et al., 2008) . Owing to the large sample size and large number of incident hypertension cases in this study, we found that the positive association was consistent across strata of age (o 55 years and X55 years). This is a validated complementation evaluating the association between BMI and the risk of developing hypertension among older women. The specific biological mechanisms by which higher BMI increases the risk of developing hypertension remain unclear. Several metabolic and neurohormonal pathways likely have complex interactions underlying the development of hypertension among the overweight and obese, including alterations in insulin resistance, the renin-angiotensin-aldosterone system and sympathetic tone (Tuck et al., 1981; Hsueh and Buchanan, 1994; Ikeda et al., 1996; Kolanowski, 1999) . Weight loss among obese individuals has been associated with improvements in insulin resistance, as well as decreases in norepinephrine, plasma rennin activity and aldosterone levels (Tuck et al., 1981; Ikeda et al., 1996) . Future research is needed to further explore possible biological mechanisms by which higher BMI, especially within the normal range, increases the risk of developing hypertension.
In addition, some modified lifestyle factors such as alcohol drinking, higher salt intake, non-moderate physical activity and hypercholesterolemia also contributed to increase in BP during follow-up in this study. In our study, the average salt intake is 415 g/day in rural women in the Chinese population. According to the recommendations of the World Health Organization, sodium chloride consumption should be o6 g/day for everyone, especially for children and adults. Health promotion and education about reducing salt intake should therefore be strengthened in this specic region. When analyzing the precise contribution of weight gain to increase in BP, BMI was the first for increased systolic BP and the second for increased diastolic BP, relative to salt intake, alcohol drinking and other modified risk factors.
Women after the menopause have an increased risk of cardiovascular disease. BP is also known to increase more steeply around the age range during which women reach menopause. Whether this is related to menopause and, if related, is caused by a concomitant increase in age and BMI is still debated (Staessen et al., 1998) . Further research regarding the association between menopausal status and hypertension should be encouraged among rural women in the Chinese population.
The strengths of our study include the relatively large sample size and large number of hypertension cases accrued, increasing the statistical power of our analyses. In this study, information on height, weight and BP were measured by trained investigators (not by self-report), which may assure the accurate classification of BMI, hypertension and BP. In addition, this study had an extensive baseline examination, which is important as undetected subclinical disease at baseline is a concern in prospective studies.
There are some limitations in this study. First, the followup period of this prospective study was only 28 months, and this might be one reason for no significant elevation in BP during study period in some, but not all, study subjects. A long-term follow-up study to examine the association between BMI and incident hypertension is encouraged. Second, we did not have sufficient information on menopausal status to control for this potential covariate. Finally, our results may not extrapolate to other populations. Although the association between BMI and the risk of hypertension has been previously shown among other women population (Shuger et al., 2008) , further study is warranted in more ethnically diverse populations.
In conclusion, higher levels of BMI, even within the normal range, are associated with the risk of developing hypertension among middle-aged and older women. Baseline BMI is positively and linearly associated with the risk of developing hypertension, which may have a substantial public health effect on hypertension prevalence and related health sequellae. The identification of BMI as a potentially independent risk factor in the development of hypertension, and previous studies showing BP reduction with weight loss (Trials of Hypertension Prevention Collaborative Research Group, 1997; He et al., 2000; Stevens et al., 2001) , suggest that population-based approaches to weight reduction may have considerable benefits in reducing the burden of hypertension and subsequent cardiovascular disease.
